,. so that an unscattered 6 1 component develops. This note is a discussion of the interrelation of these two phenomena.
It is found that there is a simple relation betWeen them, at least for small absorber thicknesses. The concept of the complex index of refraction .of the absorber for the eO and for the TP proves useful. (This is the index of the absorber as a whole, in the sense of slow-neutron optics or light optics,. rather than the index of the interior of the nucleus, as in the "optical model" of nuclear scattering. ) , then the spatial beha.vior of these amplitudsein the absorber is determined, as far as the strong interactions are con.cerned, by their forward'-scattering amplitudes, just as the amplitude of the electric field of a plane wave in matter is determined " 4 in ordinary optics:
,()
where x a coordinate along, the beam. , ,, Thus the' imaginary part of n desc,ribes the attenuation of the beam, as governed by the total cross, section '(not the absorption cross section).
The real part of n describes the De Broglie oscillations of the waves. For n == 1. this gives the free-space wave number, .0 that the real part of n~l.or the real part of A(O). describes the phase shift of the wave relative to its behavior ill free space.
In general. the real and imaginary parts of A(O) are ,of the, same order of magnitude. ,Therefore" the phase shifts involved are on the order of radi~ns per nuclear mean free path, or radians per inch.' Ordinarily. one would not be interested in such a small phase shift: however. we are here concerned with a coherent linear combination of two states. This small p~ase shUt affects the coherence, and therefore is ltnportant.
, Including the effect of the weak interaction., and changing to the 6 p 6 Z representation in the same manner as Case. we obtain, for the equations of motion of Q,p oZ. ,
,,'l"{;Z= proper meanlifefor..,:decayof6 1
The cross terms linking the 0. 1 'and G.zequations depend on,t;he dHference in inde:1t of refraction (or differehce,~rir:)~,forward-scattering amplittlde) for the '
Th'iatreatment makes it clear ,that the regeneration phEmomenon depel'lds on '
: the difference in total croes sectiofhand on the difference i~ 'phase shift of the "
, ,eO~ eJI waves. rather than ort the di!ferencein absorption'crosssection.'
The solution of these equations, in Case's notation~ ,is
e(t) ::,
where
These expressions are the same as given by Case, 3 with the following exceptions:
1. The relativistic time dilation. which "sJows down" the 8 1 decay and .
. 5 the 01-6 Z mass -difference frequency, has been included. It has the effect of . increasing Case's .parameter 13
6 by a factor 'I_ Because the ~mal1ness of p makes the Pais -Piccioni expe riment difficult, this factor can be important in practical situations.
- .-n wow = (mc ) 6(mc ) , .
,/ 0 0,,
(This result follows even if we have k 1 * kl • so long as the difference is of order 61~.)
6 Case's (3 is essentially the ratio 0f absorption to decay. The probability of seeing a' 6 1 in the unscattered, beam is given by , ,
, ,
, while that of seeing a scattering through angle + followed by IlL ,6 1 decay is. in thickness dx, ot the scatterer, and in soUd angle dC2 t
-9-
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The unscattered regenerated 8 1°s reflect the composition of the unscattered beam, while the scattered ones reflect the composition times the scatte ring matrix.
However. for small thicknesses of absorber (small here means 0.1: .is small, and o.z ' :!! 1. :rhus we obtain.
< < 1) • (5) for small x, and
. in these circumstances we have
(10)
Hone observes de«:ays in a cloud chamber, that i, placed in abeam oie Z 's .
behind a thickness of absorber &x that is small compared with/3c/f4'; he should see an angular distribution of 6 1 decays as in Fig. 2 . We can now, from Eqs. (10) The scattering amplitudes cancel out, and the ratio is dependent only on the geometry and the wave length. (In order to see a large peak,one needs fairly large. This spoils the cancellation Equation (12), then. should in general hold only for an absorber that is a 'chemical element, and (in principle at least) is a single isotope of that element.
7 'The treatment given does not make this very obvious, since the index of refraction is usually thought 01 as the result of interference of the individual scattered wavelets with the incident wave, rather than with one another,. Suppose, however, thatol1e does not go through the intermediate step of deriving an index of refraction for eO' , eu-.but rather describes the problem of a 6 Z wave incident on a thin scatterer. directly in terms of 0° and ifJ wave functions, each consisting ·of an incident,wave and N scattered wavelets. By adding these two wave functions. one obtains the 6 1 wave function directly. The incident-wave term falls out, since there are no incident 01'8, and only the sum of the 8 1 scattered wavelets, 'L(Ol)i' remains. Upon 8quaring. the terms in i= j lead to the ordinary scattered . i intensity. 6R., while the terms for i·~ j give rise to a constructive interference in the forward direction.' which isju8t n • One end. up withEq. (12), but the un treatment makes evident the cooperative nature of the forward peak.
-13 - 
Parity-E~~change Scattering
If a neutral ., exists, and can turn into a neutral 8 upon elastic scattering.
the situatiOn: is obviously more cemplex than was assumed in the derivation of Eq. (12).
-14-
UCRL-3566
However, there are certain simplifications: since, the intrinsic pa_rity of the .,.0 is (by definition) differen~ from that of the 0 0 , the orbital angular momentum must change by one unit in the process .,.0 ~ 0°.
To conserve total angular momentum, then, it is necessary that the component of total spin of the system change by one unit. Thus .,. -6 scatte ring is 8 special 'kind of spin-flip proces8. Bearing this in ~ind, and restricting ourselves to these cases for which Eq. (ll) should, 80 far. hold,. we see that . ' 0 0 For--the special case 01 P()int 4 above, the .,.,-6 scatt~,ring (if it does not vanish in the forward direction) can occur, by flipping the target nnc1eus spin. It i8 therefore incoherent, and "spoils" Eq. (ll).
8 It must be remembered that we are talking about strictly elastic scattering .
. It an incoming .,.0 flips the spin of a proton in a 8pin-zero nucleus. emerging as a o ' .
6, the nucleus is left in an excited state, and the event is classified as inela.stic. 
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